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Abstract 
One of the main goals of the State is to guarantee the security and welfare of the citizens. States have agreed in 
making “a better world” for citizens under the United Nations (UN) Sustainable Development Goals (SDG) targets 
and actions. States have acquired the obligation to address this mandate and seek all possible solutions to address it. 
International cooperation and the use of space technology are tools to achieve this endeavor. This paper discusses the 
innovations of international cooperation introduced by States and its impact in law-making agreements focusing on 
Climate Change effects and the protection of the environment under the SDG 13. It explains the innovation in 
cooperation and law-making procedures by taking as an example the UK-Mexico cooperation for the protection of 
the Bacalar region and its ecosystem within the International Partnership Space Programme (IPSP). Within this 
scenario, an Earth observation (EO) product for the flood detection using Synthetic Aperture Radar (SAR) images is 
presented and efficiently tested over two images acquired during the Hurricane Dean in 2007. 
Disclaimer: The information and contents in this paper are solely the original work of the author and does not claim 
to represent the views of the UKSA, AEM and/or its space partners.   
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1. Introduction 
 
Global issues are subject of mutual interests that 
encourage international cooperation.  Climate change 
and the preservation of the environment have become 
global issues currently presented in almost all political 
worldwide agendas. Whereas States go to all possible 
tools to address these challenges, space technology has 
proved to be a useful tool by giving decision-makers 
elements for elaborating effective measures to achieve 
these tasks.  
 
Furthermore, the space sector has experienced a growth 
on actors and stakeholders, making the cooperation 
more dynamic. The figure of States still prevails in 
international cooperation and elaborating agreements. 
Nevertheless, States also are able to enhance the 
participation of stakeholders to transcend in transborder 
results of global issues.  
 
The United Nations (UN) Sustainable Development 
Goals (SDG) reflects the main global issues recognized 
by States. They are the result to the Post 2015 
Development Agenda, in which States compromised to 
achieve by 2030. It contains a set of 17 goals with 169 
targets reflecting needs of sustainable development 
according to the UN definition SDG 13 Climate Change 
[1]. 
 
This paper explores the behaviour of States by reacting 
to global issues under innovative shapes of cooperation 
and law-making under the multi-stakeholderism and its 
role in the development of international law theory. In 
order to illustrate this theory, the international 
cooperation between the United Kingdom and Mexico 
under the framework of the International Space 
Partnership Programme (IPSP) is presented. The 
manuscript explains the innovative elements of this 
cooperation and project. In addition, the way in which it 
contributes to the climate change directive of UN SDG 
13[1], is presented in our case study. 
 
The paper is organised as follows. In section 2, the 
evolution of international space cooperation is briefly 
commented with particular interest to the UK IPSP 
project. In section 3, the international collaboration 
between Mexico and UK within the IPSP is introduced; 
then the Bacalar case study and the main achievements 
are presented. Finally, in section 4 concluding remarks 
and comments are reported. 
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2. Evolution of international space cooperation and 
law 
  
The proliferation of multi-stakeholders specialized in 
space technologies impacts the ways of cooperation 
development. Its involvement creates new mechanisms 
of cooperation and hence a new shape evolves on law 
making [2]. The reasons why States allow the 
intervention of several stakeholders is linked to their 
expertise and contribution in tackling international 
global issues. At the same time, new ways of 
cooperation between the States and multi-stakeholders 
take place. According to Röben [3], this cooperation 
should occur under the principle of self-determination 
and the State’s consent. 
 
This innovation in international law making and 
governance usually takes place in topics of common 
interest, such as environment and climate change, 
human rights and human security [1]; which are exactly 
the same topics of interest highlighted in the UN SDG. 
In order to address these global matters, States pursue 
any shape of cooperation and consequent development 
of legal aspects to achieve these targeted results.  
 
An example of this trend is the use of space 
technologies by States to address these common 
interests. The United Kingdom’s Space Agency 
(UKSA), for example, manages a new way of 
international cooperation focusing on developing 
countries as partners. This initiative took shape under 
the UKSA’s two-year programme (2015-16) 
International Partnership Space Programme (IPSP)
 
[4]. 
The IPSP is a source of funding held under the 
framework of the UK Government Programme Space 
for Smarter Government Programme (SSGP). Its main 
aim is “to provide essential goods and services” [4] 
using space technologies for societal needs. In the next 
subsection, some insights of the IPSP project are 
provided.  
  
 2.1 Innovative elements in cooperation of IPSP 
IPSP’s cooperation agreement denotes three types of 
innovation in its procurement concerning the nature of 
cooperation itself.  
 
1. Financial contribution of parties. Under the 
framework of the Science and Technology Act, IPSP 
provides grants to the UK party (UK Consortium) of up 
to 50% of the total value of the project [5].  Instead, the 
counterpart has the opportunity of providing the other 
50% of the value in money or in-kind contribution. This 
option obviously provides a financial flexibility for the 
developing country with restrictions in budget.  
 
2. Legal modality. The IPSP agreement obeys 
also to the bilateralism paradigm, in which bilateral 
agreements are a recurrent tool when pursuing 
interaction of multiple interests associated to global 
challenges and societal needs. The agreement is 
concluded by the leaders of the parties only (the 
developing country consortium and the UK consortium 
leaders) and, on the UK side, there is a formal 
domestically agreement between the UKSA and the 
members of the UK Consortium.  
 
There is no need for a governmental agreement to be in 
place as traditionally performed.  This transforms the 
traditional way of developing space agreements, usually 
done by individual states based on national policies and 
existing international frameworks [6], into a flexible 
space agreement established under public international 
law and the corpus juris spatialis [6].  
 
3. Participants. This is an example on how multi-
stakeholders provide to the State their expertise through 
cooperation due to their interests in meeting global 
challenges. The participants of the IPSP do not need to 
be governmental institutions. Participants can be from 
private, public and/or academic sector. Along with this 
allowance, States recognize the importance of 
stakeholders in the space sector and their contribution in 
governance. 
 
Within the IPSP framework, the Mexican Space Agency 
(AEM) (leader of the Mexican consortium) along with 
Surrey Space Centre, (leader of the UK consortium) 
worked at a project called “Earth Observation for the 
Preservation of Ecological Bacalar Corridor” using 
Earth Observation (EO) imagery. The project gathered 
the participation of two space agencies (UKSA and 
AEM), two universities (University of Surrey from UK 
and University of Estado de Mexico from Mexico), two 
research centres (Surrey Space Centre from UK, and 
Colegio de la Frontera Sur from Mexico), three UK 
companies (Elecnor, Catapult and the Surrey Satellite 
Technology Ltd) and one governmental institution 
(National Institute of Statistics and Geography from 
Mexico). All the organisations working on this project 
are finally reported in Table 1. 
 
The project mainly focused on the use of space 
technology for developing end-user tailored products for 
the preservation and the monitoring of the Bacalar 
region. In addition, it addressed some of the SDG 13 
Climate Change targets; in particular the target 13.1 
(Strengthen resilience and adaptive capacity to climate-
related hazards and natural disasters) and 13.2 (Integrate 
climate change measures into national policies, 
strategies and planning) [7]. 
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Table 1. Members of the UK and Mexico Consortium 
and its sector category. 
UK Consortium Mexico Consortium 
Surrey Space Centre, 
University of Surrey (leader) 
Mexican Space Agency  
(leader) 
Elecnor (private) University of Estado de 
Mexico (academia) 
Catapult (private) Colegio de la Frontera 
Sur (academia) 
Surrey Satellite 
Technology Ltd (private) 
Institute of Statistics and 
Geography (public) 
 Science and Technology 
Council (public) 
 
3. Case Study: UK-Mexico (AEM) Cooperation: 
“Earth Observation for the Preservation of 
Ecological Bacalar Corridor” 
 
The case study focuses on an area of 460,000 ha, in the 
Bacalar region with its associated transverse coastal 
corridor between the Bacalar Lagoon in southern 
Quintana Roo (an international relevant wetland) and 
the Caribbean Sea. It compromises an extensive and 
intricately connected ecosystem, which presents karstic 
freshwater lakes, floodplains, mangrove forests, coastal 
lagoons and fringing reefs.  
 
It has been selected an area of study of the Mexican 
research centre Colegio de la Frontera Sur (ECOSUR)
*
  
due to its unique and fragile situation. Indeed, Bacalar is 
rated as the highest at-risk conservation area in the 
Caribbean ring with high vulnerability to human 
activities and a need for sustainable stewardship [8]. In 
addition, this highly touristic and biodiverse area lacks 
of a national and international protection status. 
 
The Bacalar region suffers from the fact that the 
potential of remote sensing to monitor the region has 
not been properly investigated yet. Therefore, the IPSP 
project in Mexico intends to demonstrate the value of 
EO data in addressing environmental problems such as: 
monitoring of urban settlements, land and vegetation 
mapping, mangrove classification, water quality 
evaluation and natural disasters monitoring [9].  
 
Furthermore, this project offers the possibility to 
develop strong commercial and academic link between 
UK and Mexico for the exploitation of EO products to 
solve societal challenges. The main economic and 
societal benefits are finally summarised in Table 2. 
 
 
                                                          
* El Colegio de la Frontera Sur is a public research institute 
located in the South of Mexico, with campus in Quintana Roo 
and Chiapas. Read further at: http://www.ecosur.mx/mision/  
 
Table 2.  Economic and Societal Benefits 
Economic Societal 
-Strengthen UK-Mexico 
collaboration in satellite 
applications; 
-Facilitate stewardship of a 
fragile region of natural 
importance; 
-Explore a potential market 
of satellite-based applications 
in Mexico to UK companies 
and SMEs; 
-Establish a sustainable 
capability using satellite 
applications; 
-Extend the UK Collaborative 
Ground Segment to include 
an international gateway for 
real-time acquisitions in the 
Central America and 
Caribbean regions; 
-Raising awareness to the 
decision-makers on the use of 
space technologies. 
-Increase volume and impact 
of research activity on the 
international stage. 
 
 
3.1 Earth Observation addressing SDG 13. Climate 
Change in Mexico 
 
Regarding natural disasters, the UN have estimated that 
the annual average losses from just earthquakes, 
tsunamis, tropical cyclones and flooding count in the 
hundreds of billions of dollars, requiring an investment 
of US$ 6 billion annually in disaster risk management 
alone. The goal aims to mobilize $100 billion annually 
by 2020 to address the needs of developing countries 
and help mitigate climate-related disasters [10].  
 
Climate change is clearly playing an important part in 
the current increase in flooding occurrence, thus 
justifying the research of efficient real-time technical 
solutions to synoptically monitor the increase of 
river/sea levels thus to prevent and mitigate the event of 
flooding.  
 
The IPSP project aimed at providing the Mexican 
authorities with evidence, derived from satellite 
imagery, for the international protection of the Bacalar 
area. In particular, a Synthetic Aperture Radar (SAR) 
product has been developed at the Surrey Space Centre 
for the damages estimation deriving from the Hurricane 
Dean (August 2007).  
 
As regards the kind of sensor to use to monitor this 
phenomenon, the issue of urgency drives the choice as 
only a SAR image can guarantee cloud- and daylight-
independent acquisitions. The flood map was developed 
according to the models presented in [11]. At this aim, a 
SAR pair, acquired by the Japanese ALOS PALSAR 
sensor in L-band, was used. One image was acquired 
before the Hurricane Dean in dry conditions (27
th
 July 
2007) and the other after the event when the region was 
flooded (11
th
 September 2007). Both input images are 
shown in fig.1 in Sigma Nought domain. 
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In order to enhance the difference between the flooded 
and the unflooded areas, an image is derived by 
computing the logarithm of the ratio between the pre-
event and the post-event image. The log-ratio image is 
shown in fig.2(a) where bright pixels represent areas 
where the sigma nought is decreased between the pre- 
and post-event image (flooded region). Finally a 
threshold is set empirically (equal to 1) and the flooded 
pixels are detected, outcomes are displayed in fig.2(b).  
 
By simply counting the number of detected pixels, an 
estimation of the total flooded area is performed and it 
results that the total flooded area is 72.80 km
2
. To date 
no ground truth is available to validate the detection 
results. 
 
There is obviously a need to further investigate the 
algorithm here presented in more controlled scenarios 
where ground truth is available. In future, flood
  
(a)                                                                                       (b) 
Figure 1: Sigma nought SAR image acquired by ALOS PALSAR on 27
th
 July 2007 (a) and on 11
th
 September 2007 
(b). 
 
 
(a)                                                                                        (b) 
Figure 2: Log-ratio image derived from the processing of the pre- and post-event image (a) and relative detection 
outcomes where the threshold is set to 1 (b).
detection techniques could be used not only as rescue 
tools but also as support analysis in climate change 
modelling. These aspects are regarded crucial and, 
therefore, this paper can be considered timely, also in 
consideration of the many flooding disasters that 
occurred in the last few years. 
 
4. Conclusions  
 
Multi-stakeholders are influencing the shape of doing 
international cooperation and law-making in the space 
sector. Multi-stakeholders of all sectors (private, public 
and academia) have claimed their presence in space 
affairs, mainly by promoting their expertise in space 
applications. By doing so, they are gradually taking the 
attention of States, who are willing to use their skills in 
order to resolve global challenges. 
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New ways of cooperation and legal agreements have 
been brought by States due to the economic crisis and 
the need of space fairing nations to expand its 
commercial sphere targeting emerging space nations.  
 
The paper has introduced these innovations by 
presenting an Earth Observation (EO) project between 
the UKSA and AEM under the UKSA IPSP initiative. 
The project has contributed with dedicated EO products 
for the protection of the fragile and touristic area of 
Bacalar. In addition, the IPSP-Mexico project has 
provided tools to diminish the impact of climate change, 
a topic addressed under the UN SDG 13. In this 
framework, an automated flood detection tool based on 
SAR imagery has been developed and efficiently tested 
on a couple of images acquired during the Hurricane 
Dean in 2007.  
 
The UKSA innovative way of cooperating with other 
States through the IPSP call obeys to the interest of 
including this diversity of stakeholders. To encourage 
emerging countries with restricted budgets, it includes 
on the IPSP call the possibility of participating under an 
in-kind contribution and hence facilitating the UK space 
sector future partnerships and possibilities of entering in 
a new market. On the other hand, it provides to the 
emerging countries, the possibility of working with an 
experienced partner and gaining technology transfer 
expertise on space matters. 
 
References 
 
[1] United Nations, “Sustainable Development 
Knowledge Platform”, 
https://sustainabledevelopment.un.org/post2015/tran
sformingourworld, (accessed 28.08.16). 
[2] W. Benedek, “Multi-stakeholderism in the 
development of international law”, in: Ulrich 
Fastenrath, Rudolf Geiger, Daniel Erasmus-Khan, 
Andreas Paulus, Sabine von Schorlemer, Christoph 
Vedder (Eds.), From Bilateralism to Community 
Interest, Essays in Honour of Judge Bruno Simma, 
Oxford University Press, 2011, pp. 201-210. 
[3]  V. Röben, “Proliferation of Actors”, in Wolfrum 
and Röben, Legitimacy in International Law, (no. 5), 
pp. 524. 
 [4] UK Space Agency, Launch of the UK Space 
Agency’s International Partnership Space 
Programme, http://www.ukspace.org/news-item/uk-
space-agency-ipsp-launch/, (accessed 28.08.16).  
[5]  UK Space Agency, “Space for Smarter Government 
Programme, International Partnership Space 
Programme (IPSP)”, 
http://www.spaceforsmartergovernment.uk/ipsp/, 
(accessed 28.08.16). 
[6]  S. Cabrera-Alvarado, S. Langston, “Establishing 
New     International Space Cooperation Mechanism 
for protecting World Heritage Sites”, in XXXIX 
Annals of Air and Space Law 2014, McGill Faculty 
of Air and Space Law, Montreal, 2014, pp.379-408. 
[7] United Nations, “Sustainable Development 
Knowledge Platform, Goal 13”, 
https://sustainabledevelopment.un.org/sdg13, 
(accessed 28.08.16). 
[8]  Hernández-Arana H. A., Vega-Zepeda A., Ruiz-
Zarate M. A. Falcón-Álvarez L. I., López-Adame 
H., Herrera-Silveira j., Kaster J., “Transverse coastal 
corridor: from freshwater lakes to coral reefs 
ecosystems”, in Biodiversity and Conservation of 
the Yucatan Peninsula, pp. 355-376, Springer, 
Switzerland, 2015. 
[9]  R. Guida, P. Iervolino, T. Freemantle, S. Spittle, A. 
Minchella, P. Marti, M. Napiorkowska, G. Howard, 
H. Hernandez-Arana, S. Cabrera Alvarado, “Earth 
Observation for the preservation of the Bacalar 
Area”, Proc. ESA Live Symposium, Prague, 2016. 
[10] United Nations, “Take urgent action to combat 
climate change and its impacts”, 
http://www.undp.org/content/undp/en/home/sdgover
view/post-2015-development-agenda/goal-13.html 
(accessed 28.08.16). 
[11]  P. Iervolino, R. Guida, A. Iodice and D. Riccio, 
Flooding Water Depth Estimation With High-
Resolution SAR, in IEEE Transactions on 
Geoscience and Remote Sensing, vol. 53, no. 5, pp. 
2295-2307, May 2015. 
 
